the experiments.
Room temperature was kept in the range of 22+2"C.
Treadmill running and oscillation movements were used as enforced exercises. The treadmill was similar to the one described by Kimeldorf (3) . It consisted of a wide, endless belt riding on metal rollers. A polyethylene box, partitioned into eight individial com partments of 30 by 10 cm, was suspended to cover the belt, providing a limited running area for each mouse. Motivation was provided by an electric shock needle plate at the rear of each compartment. The belt was set at an 8° incline, running at a constant speed of 800 mph. The oscillation apparatus was originally used as a reciprocating shaker at 129 ex cursions per min, with an amplitude of 12.3 cm. Ten mice were put into the steel box, 14, . 15, :20 cm, in which 12 g fresh wood cuttings had been previously spread before exercising.
Measuring methods a) Hole cross test (HC):
Groups of eight or ten mice were carefully put into the measuring cage and observed for 1 hr as described by Takagi et al. (4) . The test was done I hr after exercise (Ca), and at the same time of the previous day without the exercise (Cb)
under the same conditions. Motor index was calculated as Ca/Cb x 100.
b) Rotating rod test (RR):
The apparatus and method were similar to that of Dunham and Miya (5) . A plastic rod with a diameter of 3.2 cm was rotated at a speed of 12 rpm. The number of the mice which fell in 3 min was taken to express motor incoordination, since only those mice which stayed on the rotating rod for more than 5 min in two succesive trials were used. This test and the following were performed twice: 30 min and 2 hr after exercise.
c) Slinding angle test (SA): Apparatus (6) modified and utilized by this laboratory consisted of a motor-driven plastic plate inclined at a speed of 103° per min from horizontal. The critical angle at which the individual mouse fell was taken as the sliding angle.
d) Spring balance test (SB) : The mouse was placed on a small metal net which con nected to a spring balance. The mouse was pulled backwards by the tail. The reading, at which the mouse failed to withhold the net, was automatically recorded on a kymograph. To each mouse, two or three such trials were given and averaged to determine better measure ments. This method is similar to that used by Kamioka, of Sankyo Company. e) Rectal temperatiorc test (RT): An ordinary thermometer (Natsurne) was used in a usual manner.
Experimental program
Routine procedures: First control trials were taken at a scheduled time one day prior to the test trials. On the following day, the mice were exercised for a period of 4 hr using either treadmill running or oscillating movements. Drugs were intraperitoneally injected right after the exercise ended. Thirty min later, tests b-e were done for the first time.
One hr later, the hole cross test, and 2 hr later, tests b-e, for the second time.
Determination of exercising time
Periods of exercising time required to give pronounced exhaustion were first determined. Groups of mice were exercised each for 1/2, I , 2, 3, 4 hr and tests a-c were done as described above. No drugs were administered.
Drugs used
Methamphetamine hydroschride (MA): 1, 2, 4 mg/kg in saline; caffeine, used as complex with sodium benzoate: 50, 100, 200 mg/kg in saline; 2-dimethylaminoethanol (DMAE): 50, 100, 200 mg/kg in saline, pH was adjusted to neutral with HC1; glucose: 500, 750, 1125 mg/kg in distilled water were used. RESULTS 
Measurements after various periods of exercising
Results are summarized in Figs. I and 2. Each group was exercised for 1/2, I , 2, 3, or 4 hr under the same conditions. It was obvious that in the HC test ( Fig. 1) , the mice showed little increase of spontaneous movements after exercise for 30 min, and a sharp decrease after exercise for more than 2 hr: spontaneous movements decreased to 40%, 2 % of the control after 2, 4 hr of exercise, respectively. In the SB test, a parallel relationship was observed between grip tone decrease and the time of exercise: a significant decrease, from 138 g to 108 g, was noted for the group oscillated for more than 3 hr. In the RR rest, almost all mice were unable to stand the test after 3 hr of oscillation. In the SA test, those Fig. 2 , SB, RR tests revealed no significant difference even after 4 hr of treadmill running. There was, however, a 53 % decrease in spontaneous movements and a significant decrease of SA from 49.5' to 45.7'. In contrast to oscillation, there was an increase in RT, though this was not significant. Consequently, SB, RR, RT tests were exempted from further treadmill running measurements; and a 4 hr exercise was thus decided to result in exhausted states. 2. Effects of drugs on exhatrstion recovery a) After 4 hr oscillatioi, : Methamphetamine in the HC test (Fig. 3 ) significantly increased the motor activity index to 45.8, 212.3, and 230;,, at doses of 1, 2, and 4 mg/kg, respectively, while the saline treated group revealed only 5;
Caffeine 100 and 200 mg/kg increased the index up to 37.4 and 112.8/)/,,). It was also noted that large doses of glucose (500, 750, and 1125 mg/kg) decreased activities while an increase was seen in DMAE 100 mg/kg injected group. In Fig. 4 , MA significantly decreased the sliding angle to 41' at a 4 mg/kg dose. A much quicker recovery was observed at the 1 mg/kg administration, 47', while at the 4 mg/kg, the angle remained unchanged. Caffeine proved effective : in the second measurement, done 2 hr after exercise ended, the 100 mg/kg treated group showed a sliding angle of 48.8', an angle nearly reaching normal value. In the glucose injected respectively.
In Fig. 5 , the SB test, a method of measuring grip tone of the test animal , revealed no difference between drug treated and the saline treated groups. In the RR test (Fig . 6 ), only caffeine considerably prevented the mice from falling. MA (1, 2, 4 mg/kg), and DMAE (50 mg/kg) prevented the mice from falling, as did glucose (750 mg/kg) to some degree. As shown in Fig. 7 , hypothermia due to the long-lasted oscillation was significantly elevated to 35.8', 36.0', 35.7', 34.9', and 35.0° by administrations of MA 2 mg/kg, caffeine 100, 200 mg/kg, and glucose 500, 750 mg/kg, respectively. No apparent effect was observed with DMAE treatments. b) After 4 hr of treadmill running: In the HC test (Fig. 8) , similar to that seen in the case of oscillation, spontaneous movements increased significantly with MA or caffeine administrations. MA increased significantly motor activity to 130, 317, and 5800% upon 1, 2, and 4 mg/kg injections, respectively; caffeine, to 114, 82, and 115 °o at the 50, 100, and 200 mg/kg, respectively. In contrast, activities were significantly decreased in the glucose treated groups. No apparent effect was observed in the DMAE treated groups. In Fig. 9 , no apparent SA effects were seen in MA treated groups. There was, however, some increase observed in administrations of caffeine (50, 100, 200 mg/kg), DMAE (100 mg/kg), and glucose (500 mg/kg). TABLL 1. An overall summary of the experiments reported in this paper. + = increase ; -decrease; parenthesis indicates such a tendency. Thirty and 120 indicate the time in minutes after the exercises ended, and after which the tests were carried on. For details, see text.
DISCUSSION
It is generally accepted that the psychomotor stimulants have antifatigue activity in man.
Kosman and Unna (9) pointed out that, in man, the effects of amphetamine include elevation of mood, increased motor activity, wakefulness, nervousness, and decreased fatigue.
Gutierrez-Noriega (10), in his studies on the effects of repeated administration of caffeine on the endurance of dogs forced to swim to exhaustion, reported that caffeine greatly increased swimming time and reduced recovery period. On the other hand, Jacob and
Michaud (11) showed that the swimming time of mice or rats did not appear to be favorably influenced by the psychomotor stinuilants. We are interested in the differences between the activities of these two categories of drugs and in their effects on animals after they are made exhausted. Further references are also made to investigate DMAE and glucose, a supposed central stimulant (12) and an energy source, respectively.
An overall summary of the results is given in Table 1 . MA significantly increased the motor activity of the exhausted mice. Recovery from exhausted states in RR, RT tests were also recognized in MA treatment. In SA, SB tests no effects were observed. Effects of caffeine were obvious in every test undertaken. Glucose decreased the motor activity indexes in both exercises. Recovering effects of glucose in RR, RT tests were recognizable.
DMAE showed some restoration effects on SA, HC, and RT tests. Our data (unpublished) showed no improvement in normal mice due to the administrations of drugs as observed in SA, SB, RR, and RT; but an increase of spontaneous movement was seen on HC tests after administrations of MA (1, 2, 4 mg/kg), caffeine (50, 100, 200 mg/kg), and DMAE (100 mg/kg). It is interesting to note that different results were obtained from the two exercises.
Oscillation, repeated to-and-fro movements, was supposed to produce mainly psychological fatigue and a running treadmill was intended to produce a physically exhausted state, although exhausted states cannot be attributed to only one factor.
The HC test was used by Takagi et al. (4) to measure spontaneous movements, or ex ploratory movements of the grouped mice. SA test was originally devised by Friedman (7) to study synergism between drugs and alchohol, and to determine impairment of motor coordination due to drugs. Our experiment was designed to reveal whether or not mice were lacking in balance coordination, thus finding an insight into central nervous system functions. The SB test was utilized to throw light on changes in grip tones. Dunham et al. (5) used RR test to screen neurological deficits, or as Janssen et al. (8) put it, motor incoordination. The ability of the tested group to maintain motor coordination fell sharply after 4 hr of oscillation while the treadmill running group remained comparatively unchanged.
The same results were also observed with the RT test. It should be pointed out that oscil lated groups exhibited shivering-like movements right after exercise, a phenomenon similar to that seen in motionsickness, yet distinguishable from shivering, a rhythmic contraction of voluntary muscle (9 
